Background: The relationships between coagulation factors and non-small cell lung cancer (NSCLC) prognosis have been intensively studied. However, no previous study has investigated the combined effects of preoperative platelet (PLT), fibrinogen (FIB), and D-dimer (D-D) levels on the prognosis of NSCLC. Methods: A multicenter prospective study was conducted over seven hospitals. A total of 395 patients diagnosed with operable NSCLC for the first time were included and followed-up until disease progression or the end of the study. Baseline demographic and clinicopathological information, and preoperative coagulation test results were collected for each patient. Univariate and multilevel survival analyses were conducted using Cox regression and shared frailty models. Results: Multilevel analyses revealed that there was a marginally significant association between elevated PLT level (> 215 × 10
Introduction
Lung cancer is the most common malignant tumor in China. In 2015, 733 300 people were newly diagnosed with lung cancer, corresponding to an incidence rate of 53.4 per 100 000 people. 1 Lung cancer is also the leading cause of cancer death in China. According to the Global Burden of Disease, over 13 million Disability-Adjusted Life Years (DALYs) were lost as a result of lung cancer in China in 2016, accounting for 36.0% of global DALYs from lung cancer. 2 Among the two major 304 types of lung cancer, non-small cell lung cancer (NSCLC) is the most common, constituting 85% of all cancer cases. 3 Surgery is the best treatment option for many patients with NSCLC, but high incidence of local and distant relapse results in poor five-year survival rates. 4 In terms of predicting NSCLC prognosis, cancer stage at diagnosis, performance status, gender, and weight loss are the most widely accepted predictive factors. 3 Other prognostic determinants include age, histologic subtype, and biologic markers, such as p53 gene mutation and K-ras oncogene activation. 3, 5, 6 Despite these conventional predictive factors, there is growing research interest in investigating the relationships between blood coagulation factors and NSCLC prognosis. Evidence from biological research has shown that tumor cells and the hemostatic system are highly interconnected. Tumor cells can activate systemic coagulation through multiple pathways and induce hemostatic and fibrinolytic abnormalities, which in turn contribute to cancer angiogenesis and metastasis. 7 Previous research has shown that elevated platelet (PLT) count, fibrinogen (FIB) level, and D-dimer (D-D) level are all associated with poor prognosis in NSCLC patients, [8] [9] [10] [11] [12] [13] but the results have been inconsistent. 14, 15 The majority of these studies were retrospective single-center cohorts with relatively small sample sizes. Furthermore, no previous study has investigated the combined effects of D-D, FIB, and PLT levels on NSCLC prognosis. Therefore, we conducted a multicenter prospective cohort study to investigate both the individual and combined effects of preoperative PLT, FIB, and D-D levels on progression-free survival (PFS) in operable NSCLC patients.
Methods

Study design and patients
This study was conducted between April 2016 and December 2017 in seven Grade-A tertiary hospitals located in Jiangsu province, China. Basic information of the seven hospitals is summarized in the Supplementary Appendix. Patients admitted to one of the seven hospitals that met the following criteria were included in the study: (i) diagnosed with NSCLC for the first time; (ii) without distant metastasis (I-III tumor node metastasis [TNM] stage); (iii) underwent surgery (sleeve lobectomy, segmentectomy resection, wedge resection, or pneumonectomy); and (iv) agreed to participate in the study and signed informed consent. The exclusion criteria were: (i) a diagnosis of other primary cancer, severe cardiovascular or respiratory disease, severe rheumatic disease, or severe hematological disease; (ii) severe postoperative complications within 30 days (including death); or a (iii) history of anticoagulant or antiplatelet drug use within two weeks before surgery.
The World Health Organization Classification of Lung Tumors (4th edition) was used for the histological classification of lung cancer, 16 while lung cancer stages were determined in accordance with the International Association for the Study of Lung Cancer staging system. 17 Blood samples were collected at three time points to measure PLT, FIB, and D-D levels: one day after admission (preoperative), 72 hours after surgery, and one day before discharge from hospital. However, because of missing data (> 20%), only the preoperative coagulation test results were used for survival analyses. Other demographic and clinical information collected included: age, gender, anatomic location of the tumor, tumor size, lymphovascular invasion (LVI), visceral pleural invasion (VPI), and type of surgery. The Ethics Committee of Jiangsu Province Hospital approved this study.
Treatment and follow-up
Adjuvant chemotherapy, radiotherapy, or chemoradiotherapy was prescribed to patients according to the Chinese guidelines on the diagnosis and treatment of primary lung cancer (2015 version). 18 Patient follow-up was conducted at three-month intervals until December 2017, disease progression, death, or loss to follow-up. The median follow-up duration was 13.2 (range: 3.0-18.5) months. At each follow-up visit, patients underwent chest computed tomography (CT), abdominal ultrasound scan, and other examinations when necessary. If a patient did not show up for a scheduled follow-up visit, a study nurse contacted the patient or his/her relatives.
PFS was chosen as the study endpoint and was defined as the interval from surgery to local or distant relapse, whichever occurred first. Survival time was considered as censored if the patients died, were lost to follow-up, or were progression-free at the end of the study.
Coagulation assays
Patients' venous blood samples were obtained by trained nurses and immediately sent to each hospital's clinical laboratory. The laboratories in the seven hospitals used the same methods to measure blood PLT count (fluorescent nucleic acid stain method), plasma FIB (clotting method), and D-D concentrations (immunochemical method). The clinical laboratories of the seven hospitals have all passed external quality assessment conducted by Health Commission of Jiangsu Province, indicating that their results are comparable.
Statistical analysis
Patients with missing clinicopathological and demographic data were not included in the analysis. The Markov chain Monte Carlo (MCMC) method was used when preoperative PLT, FIB, or D-D values (42 in total) were missing. 19 The median values of preoperative D-D, FIB, and PLT were used as cutoff values to dichotomize them. Baseline characteristics were described using medians and quartiles for continuous variables and percentages for categorical variables. The Kaplan-Meier method was used to construct survival curves. 20 Univariate survival analyses were conducted using the Cox proportional hazards regression model. 21 Statistically significant potential confounders were included in the subsequent multivariate survival analyses as covariates. Two models were used in the multivariate survival analyses. In the first single-level Cox regression model, we adjusted variables that were found to be statistically significant in univariate analyses. Considering the treatment level differences across hospitals, we used multilevel survival analysis in the second model. In the second multilevel model, both patient-level covariates and hospital-level variations were adjusted using the shared frailty model, which incorporates a random intercept into the Cox proportional hazards regression model. 22 A P value < 0.05 was considered statistically significant. All statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Baseline demographic and clinicopathological characteristics
We recruited 457 patients, 410 of which met the inclusion criteria and were included in the study. We further excluded 2 patients with unknown progression dates, 12 patients with missing clinicopathological data, and 1 patient without blood coagulation test results from the analyses. The baseline characteristics of the remaining 395 patients are summarized in Table 1 and the Supplementary Appendix. Among the 395 patients, 225 (56.96%) were men and 170 (43.04%) were women, at a median age of 64 years. The majority of the tumors were adenocarcinoma (83.29%), followed by squamous cell carcinoma (13.42%), and other histological types (3.29%). There were 341 (86.33%) patients at stage I-II and 54 (13.67%) at stage III. The medians of preoperative PLT, FIB, and D-D values were 215 × 10 9 /L, 2.75 g/L, and 0.20 mg/L, respectively. Except for age, gender, and histological type, all other clinicopathological patient characteristics were statistically different between the seven hospitals (Supplementary Appendix). Rates of disease progression were also significantly different between the seven hospitals (P < 0.001).
Survival analyses
During the follow-up period, 24 patients experienced NSCLC recurrence. The one-year PFS rates were 92.84% and 97.27% for patients with values of preoperative PLT > median and preoperative PLT ≤ median, 92.38% and 97.95% for patients with values of preoperative FIB > The results from univariate Cox regression indicated that elevated preoperative PLT count and FIB level were both significantly associated with poor outcomes (P = 0.03 and P < 0.01, respectively), whereas preoperative D-D level was not associated with PFS (P = 0.06) (Fig 1) . Other factors that were found to be statistically significant in the univariate analyses include gender (P = 0.02), anatomic location (P < 0.001), LVI (P = 0.01), VPI (P = 0.02), TNM stage (P < 0.001), and tumor size (P < 0.001).
As shown in Tables 2 and 3 , the results of the singlelevel and multilevel models were consistent. The random effects in the multilevel model were statistically significant (P < 0.01), indicating that the multilevel model was suitable to fit our data. After adjusting for the potential confounders, preoperative D-D was not significantly associated with patient outcome (hazard ratio [HR] 1.61, 95% confidence interval [CI] 0.66-3.93; P = 0.30). Preoperative FIB was also unrelated to PFS in the multilevel survival analysis (HR 1.79, 95% CI 0.59-5.43; P = 0.31). The preoperative PLT association with PFS was marginally significant in the multilevel model (HR 2.42, 95% CI 0.98-5.95; P = 0.05).
In order to investigate the combined effects of preoperative D-D, FIB, and PLT levels on PFS, we further assigned each patient a score (0-3) according to the number of elevated preoperative coagulation factors: 0, patients with no elevation in the three preoperative coagulation factors; 1, patients with one elevation in the three preoperative coagulation factors; 2, patients with two elevations in any of the three preoperative coagulation factors; and 3, patients with all three preoperative coagulation factors elevated. The results of multilevel analyses revealed that the risk of relapse is 76% higher for every one point increase in the score (HR 1.76, 95% CI 1.05-2.94; P = 0.03) ( Table 2 ). Specifically, compared to patients with scores of 0 or 1, the risk of relapse is 4.6 times higher for patients with scores 2 or 3 (HR 4.62, 95% CI 1.29-16.5; P = 0.02).
Except for TNM stage, which was significant in both single-level multivariate models, other potential confounders, including gender, anatomic location, LVI, VPI, and tumor size were not significantly associated with outcome in multivariate models.
Discussion
The relationship between cancer and blood coagulation was first reported in 19th century. Since then, much attention has been devoted to this research field. Experimental studies have found that PLT contributes to cancer progression through both thrombin-dependent and thrombinindependent mechanisms. 23 In thrombin-dependent mechanisms, thrombin activated PLT can release a variety of growth factors, such as vascular endothelial growth factor, 24 platelet-derived growth factor, 25 and transforming growth factor-β, 26 and therefore promote tumor cell angiogenesis and proliferation. In thrombin-independent mechanisms, tumor cells can directly induce PLT activation and aggregation and then facilitate the formation of tumor cell-platelet thrombi, which is believed to have the effect of preventing intravascular tumor cell elimination by natural killer (NK) cells. 27 Some studies have shown that FIB can also protect tumor cells from NK cell-mediated cytotoxicity by aggregating around tumor cells and forming dense fibrin layers. 28, 29 In fact, FIB and PLT can interact with each other to protect tumor cells from NK cytotoxicity. 30 FIB can enhance the adhesion of PLT to tumor cells, and PLT in turn can release thrombin and facilitate the aggregation of FIB. 30 FIB can also serve as a scaffold to bind both vascular endothelial growth factor and fibroblast growth factor-2 and augments their proliferative and angiogenesis effects. 31 As a fibrin degradation product, D-D is a sensitive indicator of coagulation and fibrinolysis activation. 32 Despite its routine use as a predictor of venous thromboembolism in cancer patients, a growing number of studies have reported that a higher D-D level is associated with tumor metastasis; however, the exact mechanisms are still unknown. 33, 34 Some researchers have speculated that D-D dimer is a global surrogate marker that indicates tumor aggressiveness. 35 In the current study, the results of univariate analysis indicate that an elevated preoperative PLT count is significantly associated with a poor outcome. After adjusting for confounders, this relationship was marginally significant, which may suggest the independent prognostic role of PLT in NSCLC. In a study conducted by Kim et al., preoperative thrombocytosis (PLT > 400 × 10 9 /L) was associated with a higher risk of recurrence among NSCLC patients. 12 In contrast, in studies conducted by Cakar et al. and Canova et al., thrombocytosis was not a significant prognostic factor of PFS. 14, 15 However, in the study conducted by Canova et al., the PLT count was measured after chemotherapy rather than before treatment. In the study conducted by Cakar et al., both NSCLC and SCLC patients were included. These differences may explain the insignificant results of the two studies.
In the current study, we also found that patients with elevated preoperative FIB levels had a significantly higher risk of disease progression. However, this association was not confirmed in multilevel analysis. Inconsistent with our result, Sheng et al. and Jiang et al. both reported that NSCLC patients with preoperative hyperfibrinogenemia (≥ 4.0 g/L) had an increased risk of disease progression compared to patients without hyperfibrinogenemia. 8, 10 Meanwhile, a recent study also revealed that preoperative hyperfibrinogenemia is significantly associated with disease progression among NSCLC patients. 13 Nevertheless, the inconsistencies in results between our study and previous studies can at least partly be attributed to the short follow-up time in our study. Only 24 patients had disease progression and over 90% of the patients were censored, therefore the statistical power of our study is low.
Jiang et al. reported that preoperative D-D positivity (> 0.55 mg/L) is a significant and independent predictor for unfavorable disease-free survival in NSCLC patients. 8 A recent study conducted by Kaoru et al. also revealed that an elevated preoperative D-D level (>1.0 mg/L) is significantly associated with poor recurrence-free survival among stage I NSCLC patients. 9 In our study, however, neither univariate nor multilevel analyses confirmed the prognostic significance of elevated preoperative D-D. We believe this can be explained by the low statistical power of our study. Moreover, other more potent prognostic factors may have overshadowed its effect in the multilevel analyses.
To the best of our knowledge, this study is the first to investigate the combined effects of preoperative PLT, FIB, and D-D levels on NSCLC prognosis. We found that the risk of cancer progression significantly increased for every onepoint increase in the number of elevated coagulation factors. Compared to patients with only one elevated coagulation factor, patients with at least two elevated coagulation factors had a significantly higher risk of cancer progression. Combining the individual and combined effects of preoperative PLT, FIB, and D-D levels on NSCLC prognosis, we speculate that there may be some interactions between the three coagulation factors or any two of them. More studies with large sample sizes and longer follow-up are warranted to further investigate the potential interactions between preoperative PLT, FIB, and D-D among NSCLC patients. Meanwhile, the underlying mechanisms are largely unknown and require further study. Based on these results, we propose the combined use of preoperative PLT, FIB, and D-D levels to predict the prognosis of operable NSCLC patients. As PLT, FIB, and D-D levels are routinely measured before surgery for NSCLC patients, clinicians may also consider the combined use of the three coagulation factors in clinical practice.
The strengths of our study include a larger sample size compared to some previous studies, a multicenter and prospective study design, and the adoption of multilevel survival analysis. Nevertheless, some limitations need to be highlighted. First, as previously mentioned, the follow-up duration of our study was short for an analysis of PFS and the sample size was insufficient, which decreased our statistical power to detect differences between different groups. We will consider extending the follow-up time and including more cases in our further study. Secondly, because of missing data, only the preoperative PLT, FIB, and D-D levels were used for survival analyses; therefore, the effects of postoperative PLT, FIB, and D-D levels were not investigated. Thirdly, we did not collect information on the adjuvant therapies administered and adjust them in the analyses, which may have biased the results. Finally, coagulation assays were conducted in different laboratories and therefore systematic differences may exist. Nevertheless, we believe the differences were minor as all laboratories have passed external quality assessment and used the same methods for coagulation assays.
In the current multicenter prospective study conducted on operable NSCLC patients, we found that an elevated preoperative PLT level is significantly associated with poorer PFS. However, the prognostic significance of preoperative FIB and D-D levels were not confirmed, partly a result of the short follow-up duration in our study. More importantly, we found that the number of elevated preoperative coagulation factors may be a significant indicator of progression. We reason that there are potential interactions between these three coagulation factors that need further study. Researchers and clinicians may consider using preoperative PLT, FIB, and D-D levels in combination when predicting the prognosis of NSCLC patients after surgery.
